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FLOW CONTROL METHOD AND DEVICE 

This invention relates to a method of flow control, particularly for use in an arterio- 
venous graft, hereinafter referred to as an AV graft. The invention also relates to a 
5 device for controlling flow in an AV graft and a combination of such a device and an 
• AVgraft 

Patients with kidney disease, particularly those with end stage renal disease (ESRD), 
require hemodialysis in order to remove metabolites and the like from their blood 
10 stream. This can be a very time-consuming process, but the time can be lessened by 
providing a large blood flow to the hemodialysis machine. Even though this is done, 
hemodialysis can still take about four hours and is needed about three times a week. 

In order to provide high blood flow to and from the hemodialysis machine, vascular 
1 S access with high blood flow is needed. One method of providing this is illustrated in 
Figure 1. An artery 10 and a vein 12 are located in the arml4 of the patient. A 
vessel 16, known as an AV graft, is grafted to cormect the artery 10 and vein 12. As 
the AV graft 16 is a direct connection between the artery 10 and vein 12 and has a 
relatively large cross-sectional area, a high flow through it occurs. The direction of 
20 flow is indicated by the arrows in Figure 1 . Catheters (not shown) can be connected 
to the AV graft 16, when hemodialysis is required. The catheters can tap into the 
high flow through the AV graft 16 to provide a high flow to and from the 
hemodialysis machine. 

25 However, there are also considerable problems with this technique. One of these, 

illustrated in Figure 2, is that stenosis occurs at the outflow tract where the AV graft 
16 is connected to the vein 12, that is at the venous anastomosis side of the graft. 
The stenosis 1 8 is an unnatural narrowing of the vessel, and if unopened by 
angioplasty, the stenosis progresses until the vein is completely blocked. The 
30 stenosis is due to neo-intimal hyperplasia, that is the response of the vessel to the 

abnormal conditions. Various mechanisms are considered as possibly contributing to 
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the stenosis development. The flow through the vein is typically JO to 20 times 
higher than noH&al. This leads to turbulence and flow separation such that the flow 
is not smooth or laminar, and the stenosis develops as a result. Anothercpfactor is that 
the vein is exposed^© a higher blood pressure than- noimalt^beeausei^^is durectly 
5 connected to the artery. The blood pressure in an artery is typically^OO mm Hg, 
whereas theT)lo6d pressure in a vein is typically 5 mm Hg. The vein tends to 
arterialise in response to this, for example by thickening of the vein wall and this 
may contribute to the stenosis. A further possible factor is that, in the presence of the 
graft, the flow in the vein is pulsatile. There is a significant compliance mismatch 
10 between the AV graft, which, if synthetic, is quasi-rigid, and the vein which is 
compliant. The pulsatile flow produces an oscillating stress concentration at the 
junction^^i e. suture line, betweeathe-^AV grafl.l6 and-the^veina2. Although tfie 
suture usually does not fail; .the^stenosis may be in response to the oscillating stress 
concentratQd.at the jjin^pn«i(^ 
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This is a considerabteikproblemiK^In SO%<o&A\^ grafts^stenosis deMelops at the venous 
anastomosis side: AV^graft^sufvivalns around^only^l.5 yeais^r Conventionally,^ 
alleviation of this problem requires surgery, such as angioplasty to remove the 
stenosis or surgery to implant a new AV graft in a different limb of the patient. 



A further problem is that the AV graft 16 effectively provides a short circuit between 
the artery 10 and vein 12 and the high flow through the AV graft 16 requires a huge 
additional cardiac output. Normal cardiac output is typically 5 litres per minute, but 
with the AV graft in place.thisxan increased 7 litres perminute, ThisJarge 
25 additional cardiac^ou^ut can»be very problematiei^indeed, and»can»result in fatal 
cardiac failure for^about 5% 'of AV graft^patients^. 
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According to the present invention there is provided a method of flow control in a 
AV graft or AV fistula used for vascular access for an extracorporeal circuit, said 
method comprising the steps of: 
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(a) applying partial constriction to a vessel to provide a reduced flow 
through said AV graft or AV fistula, when flow through said extracorporeal circuit is 
not occurring; and; 

(b) changing the degree of constriction, to modify the flow through ihe 
5 AV graft or AV fistula, when flow through said extracorporeal circuit is to occur. 

Applying partial constriction can reduce or eliminate turbulence, and lower the blood 
pressure in the vein. The constriction can also act as a strong wave reflector to 
reduce or eliminate the pulsatile flow at the venous anastomosis. All of these can 
1 0 alleviate stenosis, prolong the life of the AV graft or AV fistula and reduce the 

necessary cardiac output. Changing the degree of constriction when flow through 
said extracorporeal circuit is to occur enables a high flow to be provided for vascular 
access. 

15 The constriction of the vessel is only partial, preferably to maintain a reduced but 
significant residual flow through the AV graft to avoid thrombosis, and to keep the 
vein matured and able to handle the high flow when necessary. 

Preferably the constriction is applied over an elongate portion of the vessel. This 
20 enables the flow control to be achieved by viscous dissipation in favour of turbulent 
dissipation. 

Preferably the constriction is applied at a plurality of positions along the vessel 
and/or the profile of the constriction is controlled along its length. This enables 
25 turbulence caused by the constriction to be minimised. 

Preferably the constriction reduces the cross-sectional area of the lumen of the vessel, 
but maintains the length of the perimeter thereof, again to favour viscous dissipation. 

30 Preferably, when applying the constriction to the vessel, the flow at the venous 

anastomosis of the AV graft or AV fistula is monitored so that when constricted, the 



flow is maintained at a level below the onset of turbulence. 
Preferably the vessel is an AV graft. 

Preferably the constricting step comprises constricting said AV graft at its arterial 
end. This enables -any turbulence caused by the constriction to subside before the 
blood flow reaches the venous anastomosis. 

The invention provides a device for controlling flow in an AV graft or AV fistula 
used for vascular access for an extracorporeal circuit, said device comprising: 

a) means for applying partial constriction to a vessel, to provide a 
reduced flow through said AV graft or Av fistula, when flow through said 
extracorporeal circuit is to occurj-and 

b) means for changing the degree of constriction, to modify the flow 
through theiA.V graft 6r AV fistula, whemflcTw through said extriacorporeal circuit is 

to OCCUP^^ 

The invention also provides-a device, -for controlling-flow in an^AV graft, said device 
comprising an actuator for releasably constricting said AV graft; and a rotatable 
member for driving said actuator. 

Preferably the rotatable member comprises a drive shaft of a motor or comprises a 
rotor rotatable by an externally applied magnetic field. 

Preferably the motor is an electrical micromotor. 

The inventionialso' provides a device, for contFolling^dW in ant'AV^gra^ said device 
comprising a deformable member which is reversibly deformable by a change in 
temperature or magnetic field; and an actuator acted on by said deformable member 
for releasably constricting said AV graft, wherein said deformable member is 
deformable between a first state in which said actuator applies constriction to said 
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AV graft, and a second state in which said actuator reduces said constriction of said 
AV graft. 

Preferably the thennally deformable member comprises a shape-memory material or 
a liquid filled capsule. 
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Preferably the device of the invention further comprises an antenna for receiving 
signals for controlling the actuator. This avoids the need for access to the device 
through the skin and the potential risk of infection. 

Preferably the device further comprises a converter for converting radio frequency 
energy received by the antenna into energy for powering the device to operate the 
actuator. This has the advantage of avoiding the need for an internal power source, 
such as a battery, in the device, and radio frequency activated devices are NMR- 
proof. 
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The invention further provides a device, for controlling flow in an AV graft, said 
device comprising an actuator for releasably constricting said AV graft, wherein said 
actuator comprises a clip having two constriction portions with an adjustable 
separation therebetween for accommodating said AV graft and a control portion for 
releasably holding said two constriction portions such that said separation is held at 
at least one predetemiined amount. 
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Preferably the constriction portions are integrally formed as one member which 
makes the device simple and cheap to fabricate. 



Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying drawings, in which: 
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Fig. 1 is a schematic view of a human lower arm, illustrating a conventional AV graft 
in situ; 



Fig. 2 is a close-up view of the venous anastomosis of Fig. 1, illustrating a problem 
associated with the AV graft of Figure 1; 

Fig. 3 is a schematic view of a human lower ann, illustrating an arrangement 
according to the present invention; 

Figs. 4(a) and 4(b) are schematic cross-sectional views of a first embodiment of 
apparatus according to the present invention, shown applied to an AV graft; 

Fig. 4(c) is a plan view of a deflectable membrane of an embodiment of the 
invention; 

Fig. 5 shows a second embpdimenrof an apparatus according to the present 
invention; 

Figs. 6(a) and 6(b) show a third embodiment'of an apparatus according to the 
invention in cross^section and plan view -respectively; 

Figs. 7 and 8 show cross-sectional views of fourth and fifth embodiments of 
apparatus according to the invention; and 

Figs. 9, 10 and 11 are explanatory diagrams for illustrating further aspects of the 
present invention. 

Fig. 3 shows an arrangement according-to the present invention,^with'6orresponding 
parts labelled the same as in Fig. - 1 . The AV graftal 6 may be an#artificial vessel, for 
example, made*of PTTE or .GOBUE-TEX ™ w otheis;s.yntheti@»matenal^Dr the AV 
graft may be an autologous graft. As illustrated in Fig. 3, the AV graft 16 is 
connected to an artery 10 and vein 12 in the arm 14 of the patient. However, the AV 
graft 16 may, of course, be located in other parts of the body, for example the leg, 
groin or neck. 
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A device 20 is provided for controlling blood flow in the AV graft 16. During the 
normal activities of the patient, the device 20 is used to constrict the AV graft 16 
such that there is a reduced or residual flow therethrough. When flow through an 
extracorporeal circuit, such as a hemodialysis machine, is required, the degree of 
constriction is reduced, partially or fully, so that there is an increased, high flow 
through the AV graft 16. -^^atheters (not shown) can tap into the high flow in the AV 
graft 16 to provide high flow to and from a hemodialysis machine. The catheters 
may be upstream or downstream of the device 20 or may be provided on opposite 
sides of the device 20. A single catheter with a double lumen may also be used for 
flow to and from the AV graft 16. 
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As illustrated in Fig. 3, the constriction device 20 is used to constrict the AV graft 16 
at its upsaeam end, in the vicinity of its connection with the artery 10. Preferably the 
constriction device 20 is wholly implanted within the patient and an external 
controller 22 is used telemetrically to control the constriction device 20. 
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When high flow through the AV graft 16 is no longer required, the constriction 
device 20 is used to re-apply constriction to reduce blood flow. A turbulence 
measuring device 24, 26 may be used to monitor turbulence in the vicinity of the 
venous anastomosis while the flow through the AV graft 16 is being reduced. As the 
degree of constriction is increased, the flow rate reduces such that a level will be 
reached at which turbulent flow substantially ceases to be detected by the turbulence 
measuring device. When this occurs, further change in constriction can be stopped 
and the flow maintained at that level below the onset of turbulence. Alternatively, 
the constriction may be increased until the turbulence has been diminished to a 
predetermined level, but not totally abolished. Preferably this dimished turbulence 
intensity is below the level at which stenosis may occur, but the flow rate is still 
sufficient to keep the vein matured. In this way an optimal quiescent flow can be 
established in the vicinity of the venous anastomosis side of the AV graft. 

The turbulence measuring device 24, 26 can be a conventional Doppler device or a 
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phonoangiographer and may advantageously be roiigg^^ JoltberCGntFolier 22 or 
constTfctlStf tlev^^^^ automatically to control adjustment of the flow rate, or this 
may be done manually. 

5 Further features of the method of the present invention will be apparent from the 
foUowinjg 'description of devices according to the invention. 

Figs. 4(a) and 4(b) are longitudinal and transverse cross-sections, respectively, of a 
constriction device 20 and control device 22. The control device 22 has an antenna 
10 30 for transmitting signals to an antenna 32 provided on the constriction device 20. 

The antennae 30, 32 are electromagnetically coupled to each other, but are of course 
on opposite sides orthe^skin ^not'^showniXjof the reeeivera034 connected to 

antenna 32 sends electrical power to a mGttor 36 in response to the transmitted signal. 

1 5 The constriction»deyi6er2jO:^ay^gontain^an4nti?iaa^^^ a battery, 

which is contTDlIed^by the receiver 34 to deliver electrical power to the motor 36. 
Altemativelyi*'the»receiver'*34 may-icompmseia, radio^freqii,enGyi»to«D©t6onverter and 
modulator, in which case radio frequency signals emitted by the antenna 30 are 
picked up by the antenna 32 and these signals are converted by the receiver 34 into 

20 electrical power to drive the motor 36, rather than the signals being used to control an 
internal power source of the device, thereby eliminating the need for batteries in the 
device which would need to be replaced periodically. 

The*mot0r»»36 is a*miniatuiie-mot0r«;i.also-fcnowti»asvasmiero*maehi!nej»M 
25 provided-^with^electrical -power it can be used4o*rotate*a^dEij/e shaft 3 Mn either 
direction, :or in one^directidnionly,-pravided»thatNthe actuator^performsfa periodic 
displacement even if the micromotor shaft 38 always turns in the^^same direction. 
The dimensions of the micromotor 36 are sufficiently small to enable it to be 
encapsulated in an implantable enclosure, for example the motor may be 2 mm thick 
30 and 15 mm long. A rotary to linear transmission 40 converts the rotation of the drive 
shaft 38 into linear motion of an actuator comprising members 42, 44 and 46. 
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Members 42 and 44 are rods or bars and member 46 is, for example, a fine titanium 
membrane that is in contact with the AV graft 16 or presses upon the AV graft 
through an intermediate material. 

As shown in Figs. 4(a) and 4(b), the actuator 42, 44, 46 is constricting the AV graft 
16, such that the cross-sectional area of its lumen-48 is reduced. By sending 
appropriate signals, and through action of the motor 36, the constriction can be 
relieved by motion of the actuator, when high flow is required, and the position of 
the membrane 46 in this high flow state is indicated by the dashed line SO. 

The constriction device 20 is encapsulated in an enclosure 52, such as a titanium or 
ceramic box, through which the AV graft can pass. The antenna 32 is located outside 
the enclosure 52 so that it is not screened by the enclosure. 



1 5 The device may optionally include a sensor, not shown, such as a sensor for 

measuring the position of the actuator or for counting the number of revolutions of 
the drive shaft 38. Sensors for measuring flow, turbulence or pressure may also be 
included. Infonnation from the sensor(s) can then be transmitted from the 
constriction device 20 to the control device 22 via the antennae 30, 32, so that the 

20 controller 22 can control the constriction more precisely. 



Fig. 5 illustrates an alternative constriction device 20 in the form of a clip. The 
actuator of the device comprises a pair of constriction portions 60, 62 separated by a 
gap through which the AV graft 16 passes. The separation between the constriction 

25 portions 60, 62 can be reduced by applying pressure to the skin 64 of the patient to 
constrict the AV graft 16. A control portion 66 comprises a series of grooves or 
notches engageable by an insertion portion 68 of the constriction portion 60. 
Pressure applied to the skin 64 moves the insertion portion 68 from the position 
shown in Fig. 5 into successively lower notches. When the required level of 

30 constriction is achieved, the engagement of the insertion portion 68 in the particular 
notch of the control portion 66 maintains that level of constriction. 
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A pressing device 70 may be used for this process and may comprise a sensop that 
,deteets^the*modoii of tbi insertion portion 68 from one notch to the next so that the 
position of the constrdetion portions is known%and an optimaMevetof constriction 
applied. 
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When high flow through the AV graftl6 is required, the constriction can be reduced 
by again applying pressure to the skin of the patient, but this time by pressing on a 
release portion 72. This splays the control portion 66 so that the insertion 68 
disengages from the notches and the opening between the constriction portions 60, 
62 increases. 
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As shown.in Fig. ^5, the^cpustriction device>.20 is formed from a.single>piece, such as 
by moulding it from a biologiGally compatible plastics material. Thissinakes it very 
simple and cheap itp fabricate. 

Another^enibodiment^of tHe constrieuon^device^is shown»m^ 6(a) and 6(b). It 
comprises-an actuatORplate-SO^ within an enelosure'»82, for squeezing on the AV graft 
16. A rotor 84 is screwed onto a threaded shaft 86. Th"fe rotor 84 comprises a series 
of magnetic north and south poles alternating around the shaft 86. The rotor 84 can 
comprise any suitable magnetic material, such as ferrite. 
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Application of an alternating or rotating magnetic field from outside the patient can 
cause the rotor 84 to revolve about the axis of the shaft 86. The threaded engagement 
between the rotor 84 and shaft 86 causes the rotor 84 to translate in the axial 
direction of -the^shaft^ 86^^the directioaof translation^-dependingflQii^the^sense of 
rotation of *rotoE.*- In *thisway-theiextemally*magn^^ field can be usednto move^the 
rotor 84 «long*the^sh^ft«86^p urge^the^^actu^a^^^ to 
apply constriction thereto, or to release pressure from the actuator plate 80 and 
reduce the constriction when high flow through the AV graft 16 is required. 

Figs. 7 and 8 show two further embodiments of the constriction device 20 of the 



DESC 



-11- 

invention which both operate thennally. Each device has an actuator comprising a 
movable member 90 and a fleTcible membrane 92 for constricting an AV graft 16, the 
device being housed in an enclosure 94. 
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In the embodiment of Fig. 7, the actuator member 90 is connected to a sheet 96 made 
of a heat^eforaiable material. This is shown in its normal state at body temperature 
whereby the AV graft 16 is constricted to reduce the quiescent flow therethrough. 
On raising the temperature of the sheet 96 it deforms into the shape indicated by the 
dashed line 98 thereby pulling on the actuator 90, 92 to reduce the constriction on the 
AV graft 16. The material of the sheet 96 may be a shape-memory material, such as 
a so-called smart metal, or it could be a bi-metallic strip or any other suitable 
material that deflects on changing temperature, or a shape memory material that is 
magnetically activated. 



IS In the device of Fig. 8, the actuator member 90 is connected to a deformable 

membrane 100 which deflnes one surface of a liquid fllled capsule 102 containing a 
liquid with a low boiling point, such as just above body temperature, for example 
around 39°C. Under normal conditions the capsule 102 contains liquid and the 
actuator 90, 92 squeezes the AV graph 16 to reduce blood flow. On increasing the 

20 temperature of the substance in the capsule 102 above its boiling point, at least some 
of the liquid vaporises which results in an overall increase in volume of the contents 
of the capsule 102. This expansion deflects the membrane 100 and a force is 
transmitted via the member 90 to lift the flexible membrane 92 to relieve the 
constriction of the AV graph 16. The position of the deformable membrane 100 

25 when in this state is indicated by the dashed line 104. 
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The devices 20 shown in Figs. 7 and 8 may be provided with an optional heater 106, 
such as an electrical resistance. When it is desired to increase the blood flow through 
the AV graft 16, electric current is passed through the heater 106 to raise the 
temperature of the sheet 96 or liquid fllled capsule 102 to move the actuator as 
described above. The electrical current may be provided by a battery associated with 
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the device and controlled by signals from an external controller as described with 
reference to Figs- 4(a) and 4(b), or the electrical current may be provided by a radio 
frequency converter which^converts radio frequency radiation into electrical power, 
without the need for an internal battery, as also described with reference to Fig. 4(a) 
5 and 4(b). Alternatively, the increase in temperature necessary to change the state of 
the thermal device may be provided by an extemal heat source. This eliminates the 
need for the heater 106. The extemal heat source may take the form of, for example, 
an infrared lamp directed onto the skin in the vicinity of the device 20. The heater 
106 could also be an antenna which heats up when an appropriate electromagnetic 
10 field is applied. 

When high flow through the AV graft 16 is no longer required, saichwas*when 
hemodialysis.has been completed^^poweriitOithe heater 106 is cutjipfF,'6r the extemal 
heat source. remoyed.WThe sheet 96 or fluid fiUdd capsule 102 cools back to normal 
15 body tempjgratuxe and returns to the configurations^showniin Figsif*7 and.8 in which 
the actuator 90, 92^isasquiBezing*lhe7A V grafl«l»6t!^ 

All of the above described constriction devices are intended to be wholly implantable 
within the patient. The enclosures 52, 82, 94 comprise a titanium box and the 

20 dimensions of the sides in transverse cross-section may be in the region of 10 to 30 
mm, the unconstricted diameter of an AV graft being typically 5 to 8 nmi. The 
flexible membrane 46, 92, in contact with the AV graft 16 may be a very thin (i.e. 20 
to 60 Jim thick) titanium sheet or a thicker titanium membrane preferably with 
appropriate corrugations 47 to facilitate deflection, as shown in plan view in Fig. 

25 4(c). The cornig^tions Gan*be seen in cross^section in Figs^^(a)j^(h)^^ The 
region surrounding the AV graft 16,. but within-^rthe respective enclosure^such as the 
region 110 showrriiiFip.-^ tod-8 may contain^^i defonnablerbut^^^ 
material such as gel to control the constriction of the AV graft 16. 

30 Fig. 9 shows schematically a constriction, such as in an AV graft 16, The normal 
diameter of the vessel is D, the constricted diameter is d, and the constriction is 
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applied over a length L. It is preferred that the method and devices of the present 
invention apply the constriction over an elongate portion of the AV graft 16, for 
example as shown in Fig. 4(a). Preferably the length L is at least twice the original 
diameter D, and L may even be five to ten or more times the diameter D. The 
reasons for this are as follows. For a given flow rate Q through the AV graft 16, the 
viscous losses are proportional to LQ, whereas the turbulent losses are . proportional 
to [(D/d)^-l]^Q^. These two losses contribute to the overall dissipation caused by the 
constriction which results in the pressure drop and reduced flow rate. An acute 
localised constriction produces much turbulence which can cause thrombosis or 
unwanted stenosis downstream at the venous anastomosis, or in the AV graft itself if 
it is made of living tissue. The same overall flow reduction can be achieved by 
increasing the length of the constriction to increase viscous loss, but reducing 
turbulent loss. 



1 S One way to increase the length of the constriction is to provide multiple constriction 
devices in series along the AV graft 16. Another method is to provide a single 
elongate actuator within the device or multiple actuators disposed along the length of 
the device. 



20 Fig. 10 illustrates a further technique for reducing turbulence caused by the 

constriction, namely by controlling the profile of the constriction such that abrupt 
transitions in diameter are avoided. The profile of the constriction can be controlled 
by providing a plurality of actuators 120, each of which squeezes the AV graft 16 by 
a controlled amount. The actuators 120 may all be provided within a single 

25 constriction device, or each actuator 120 may be provided in a respective constriction 
device disposed in series along the AV graft 16. Alternatively, a single actuator of a 
predetennined profile may be used to cause a desired constriction profile. 
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A further technique for favouring viscous dissipation over turbulent dissipation is 
illustrated with reference to Fig. 1 1. A transverse cross-section of the unconstricted 
AV graft is approximately circular as shown in the centre of Fig. 1 1 . Applying an 
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isotopic force around the periphery to squeeze thg vessel approximately equally in all 
direotions would tend to reduce the cross-section of the vessel to be a circle of 
smaller diameter. However, viscous losses are related to the area of the^wall of the 
vessel and hence to the perimeter of the cross-section. By squeezing the AV graft 16 
unequally in different directions, the perimeter of the lumen can be maintained 
substantially constant in length while reducing its cross -sectional area. Various 
exemplary resulting shapes are shown in Fig. 1 1 . The arrows illustrate the directions 
and points of application of the squeezing force. The devices according to the 
invention can achieve constrictions of these shapes by a variety of ways, such as 
having ridged actuators, or a plurality of actuators applying pressure in different 
directions or surrounding the AV graft 16 by a gel to control the shape of the 
deformation.^. 

A further feature of the invention is to adhere the outer surface of the AV graft to the 
actuator using^a gliie.^Accprdingilg) Be^niQulli^s eqiLation,^E + Vz p^ \s constant, 
where p. is *pressure?ip is^viseosi^^^and^v is«fl6w velocity:* At^a constriction, the flow 
velocity increases to maintain throughput. At sufficiently highiveloeity, the pressure 
given by Bernoulli's equation can become lower than the external pressure on the 
vessel or even become negative. Thus, at a constriction it is possible for collapse of 
the vessel to occur because the reduced pressure sucks the walls inwards. The flow 
of course then stops and the vessel recovers, but vessel collapse is problematic and 
results in erratic flow conditions. Gluing the wall of the AV graft to the actuator 
prevents collapse by maintaining a minimum diameter of the AV graft, even when 
constricted. AV graft collapse may also be preventedif the .constriction is 
appropriately shaped^-as shown in-some of the examples-in Fig. LI, to?Fesist further 
buckling under^reduced*«pre5sure. 

As previously mentioned, in one arrangement catheters for extracoiporeal flow to and 
from the AV graft 16 may be provided on opposite sides of the device 20. In this 
case it can be beneficial to increase constriction of the graft during e.g. hemodialysis 
in order to augment flow through the extracorporeal machine. For the rest of the 



-07-1999 



:eP9930S6S9.4 



DESC 



-15- 

time, the constriction is still partially applied to alleviate the problems, such as 
caused by turbulence, whilst keeping the vein matured. 

The method and device of the invention can also be used with AV fistulas, in which 
case the flow control device is placed on the artery or vein, just proximal or distal to 
^the-fistula, respectively. 
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1 . A device for cx>ntrolling flow in an AV graft or AV fistula used for vascular 
access for an extracorporeal circuit, said device comprising: 

a) means for applying partial constriction to a vessel, to provide a 
reduced flow through said AV graft or AV fistula, when flow through said 
extracorporeal circuit is to occur, and 

b) means for changing the degree of constriction, to modify the flow 
through the AV graft or AV fistula, when flow through said extracorporeal circuit is 
to occur. 



2. A device according to claim 1, wherein said vessel is said AV graft. 

15 3. A device, for controlling flow in an AV graft, said device comprising: 
an actuator for releasably constricting said AV graft; and 
a rotatable member for driving said actuator. 



20 



4. A device according to claim 3, further comprising a motor, said rotatable 
member being a drive shaft of said motor. 



5. A device according to claim 4, wherein said motor is an electrical 
micromotor 

25 6. A device according to claim 4, wherein said rotatable member comprises a 
rotor having a plurality of magnetic poles, such that rotation of said rotor can be 
induced by an externally applied varying magnetic field. 

7. A device according to claim 6, wherein said rotor is threadedly engaged with 
30 a shaft such that rotation of said rotor causes translational motion between said rotor 
and shaft. 
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8. A device, for controlling flow in an AV graft, said device comprising: 
l^fonmable member whiehi deformable by a change in 

temperature or magnetic field; and 

an actuator acted on-by said'^defonnable membep for^releasably constricting 
said AV graft, 

. wherein said deformable member-is deformable between a first state in which 
said actuator applies constriction to said AV graft, and a second state in which said 
actuator reduces said constriction of said AV graft. 

9. A device, according to claim 8, wherein said deformable member comprises a 
shape-memory material. 

10. A device, according to claim^S, wherein said deformable*member comprises a 
capsule containing § substance, ^herem^aid^^jibstanoe is substantially in a liquid 
phase when, said membeF^s in.said*fifst-state, and«said«'substang^iis atJeast^partially 
vaporizable to deform said men^b^rttp^saidysjeqQnd^s^tat^W 

11. A device according-to anyone of ciaims-8 to 40, further-'Gomprising an 
internal heater. 

12. A device according to any one of claims 8 to 10, wherein said member is 
deformable by an externally applied heat source. 

13. A device according to claim 12, wherein said heat source comprises an 
infraredJamp. 

14. A device^acG0Fding«to*anyAoneAo/i3^^1aimstd^ to<'jl^^ , funther- compiising an 
antenna for receiving signals for controlling said actuator. 

15. A device according to claim 14, further comprising a converter for converting 
radio frequency energy received by said antenna into energy for powering the device 
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to operate said actuator. 
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16. A device according to claim 14 or IS, further comprising a sensor for sensing 
the state of said actuator and transmitting a signal via said antenna indicative of said 
state. 

17. A device according to claim 14, 15 or 16, further comprising one or more 
sensors for sensing at least one of pressure, flow rate and turbulence and transmitting 
a corresponding signal via said antenna. 

18. A device according to any one of claims 3 to 17, further comprising a battery. 

19. A device according to any one of claims 3 to 18, wherein said actuator further 
comprises a flexible membrane for pressing on said AV graft. 

20. A device according to claim 19, wherein said membrane comprises at least 
one cumigation. 
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21 . A device, for controlling flow in an AV graft, said device comprising: 
an actuator for releasably constricting said AV graft, 

wherein said actuator comprises a clip having two constriction portions with 
an adjustable separation therebetween for accommodating said AV graft and a 
control portion for releasably holding said two constriction portions such that said 
separation is held at at least one predetermined amount. 

22. A device according to claim 21, wherein at least one of said constriction 
portions comprises an arm moveably joined to said other constricting portion. 
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23. A device according to claim 21 or 22, wherein said constriction portions are 
resiliently hinged to each other. 



-19- 

24. A device according to claim 21, 22 or 23, wherein said constriction portions 
are integrally formed as one member. 

25/ A device according to any one of claims 21 to 24, wherein said control 
portion comprises at least one notch engageable by an insertion portion provided on 
respective ones of said constriction portions. 

26. A device according to claim 25, wherein pressure on one said constriction 
portion is effective to reduce said separation and to engage said insertion portion in a 
said notch to maintain said reduced separation. 

27. A device according^itp claim 25 or 26, further comprising^at least one release 
portion,..jvherein pressure on said releasei portion is effective to disengage said 
insertion portion froni said notch to allow said separationito*increas^. 

28. A devace^iaccording^o any ^one of.elaims ,3 to 27, 'whereinvSaid actuator is 
arranged to constrict said AV graft non-uniformly around4ts transverse cross- 
sectional periphery. 

29. A device according to any one of claims 3 to 28, wherein said actuator is 
shaped to defme a predetermined profile for said constriction. 

30. A device according to any one of clsdms 3 to 29, further comprising a 
plurality pf said actuators. 

31. A device according to any one of claims '3 to 30, adapted lo constrict said AV 
graft along an elongate portion thereof:* 

32. A device according to any one of claims 3 to 3 1, wholly implantable within a 
patient 
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33. A device according to claim 32, further comprising a titanium or ceramic 
implantable enclosure. 

34. A combination of a device according to any one of claims 2 to 33 and an AV 
graft. 

35. A combination according to claim 34, wherein said actuator is adhered to said 
AV graft to prevent uncontrolled constriction of said AV graft. 

36. A combination according to claim 35, wherein said constriction is shaped to 
resist further buckling under reduced pressure. 

37. A combination according to claim 34, 35 or 36, wherein said actuator is 
positioned at the upstream end of said graft. 

38. A combination according to any one of claims 34 to 37, fiirther comprising a 
deformable, but substantially incompressible, medium at least partially surrounding 
said AV graft at the location of said actuator. 

39. A combination according to any one of claims 34 to 38, comprising a 
plurality of said devices disposed along said graft. 

40. A combination according to any one of claims 34 to 39, wherein one end of 
said AV graft is connected to an artery and the other end of said AV graft is 
connected to a vein. 

41. A device according to any one of claims 1 to 33 or a combination according 
to any one of claims 34 to 40, fiirther comprising a measuring device coupled thereto, 
to control the level of constriction applied by said actuator. 

42. A device according to claim 41, wherein said measuring device is for 
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measuring at least one of flow rate, turbulence and pressure. 

43 . A device or combination according to claim 42, whereia said - measuring 
device comprises a Doppler device or a phonoangiographer. 

44. 'A method'df facilitating blood flow towards a blood extraction point 
associated with an AV graft or AV flstula, said method comprising the steps of: 

(b) operating a constriction device to change the degree of constriction of 
a partially constricted vessel when increased blood flow to said blood extraction 
point is desired; and 

(a) operating said constriction device to return said vessel to its original 
partially constricted state when increased blood flow to the blood extraction point is 
not desired. 

45 . A method of fl<fw control in snsAV graft or AV fistula used for vascular 
access for an extracorporeal .circuit, said method comprising the stepsaof: 

(a) applying partial constriction to a vessel to provide a reduced flow 
through said AV graft or AV fistula, when flow through said extracorporeal circuit is 
not occurring; and 

(b) changing the degree of constriction, to modify the flow through the 
AV graft or AV fistula, when flow through said extracorporeal circuit is to occur. 

46. A method according to claim 44 or 45, wherein step (b) comprises decreasing 
the degree of constriction of said vessel. 

47. A method according tP claim 44 or 45, wherein step,(b)^comprise^ increasing 
the degree^'of constrictiomof*>s1aidh:»ess^l«i^ 

48. A method, according to claim 44, 45, 46 or 47, wherein said step (a) 
comprises applying constriction over an elongate portion of said vessel. 
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49. A method, according to any one of claims 44 to 48, wherein said step (a) 
comprises constricting said vessel at a plurality of positions along it. 

50. A method, according to any one of claims 44 to 49, wherein said step (a) 
comprises controlling the profile of the constriction along its length. 

51. A method according to any one of claims 44 to 50, wherein said step (a) 
comprises controlling the profile of the constriction around the transverse cross- 
sectional periphery of said vessel. 

52. A method according to any one of claims 44 to 5 1, wherein said step (a) 
comprises squeezing said vessel by applying force at one or more points around said 
periphery in a non-uniform manner. 



15 53. A method according to any one of claims 44 to 52, comprising maintaining 
substantially constant the length of the perimeter of said vessel in transverse cross- 
section between steps (a) and (b). 
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54, A method according to any one of claims 44 to 53, wherein step (a) further 
comprises monitoring the flow at the venous end of said AV graft or AV fistula; 

increasing the constriction until the monitored flow substantially ceases to be 
turbulent or has a reduced turbulence intensity; and 

maintaining the constriction so that the flow is kept non-turbulent or with a 
reduced turbulence intensity. 

55. A method according to any one of claims 44 to 54, wherein step (a) comprises 
maintaining constriction at a level such that the flow rate is below the flow rate at 
which onset of turbulence occurs. 
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56. A method according to any one of claims 44 to 55, wherein said vessel is an 
AV graft. 
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57. A method according to claim 56, wherein step (a) comprises constricting said 
AV graft at its arterial end, 

58. A method according to any one of claims 44 to 57, wherein said 
extracoq>oreal circuit comprises a hemodialyser. 

59. A method of flow control in an AV graft, comprising the step of constricting 
said AV graft at its arterial end, 

60. A method of flow control in an AV graft, comprising the step of applying 
constriction over an elongate portion of said AV graft. 

61. A method of flow control in an A V graft, comprisihg the step of constricting 
the AV graft at a plurality of positions ^along said AV graft; ^ 

62 . A method of fldw control in-an»AV graft comprising the step of constricting 
said AV graft so as to reduce the crossrseetional area of the lumen of said AV graft at 
said constriction while substantially maintaining the length of the perimeter of said 
AV graft. 

63. A device or combination substantially as described herein with reference to 
the accompanying drawings. 

64. A method substantially as described herein with reference to the 
accompanying drawings? 
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ABSTRACT 

FLOW CONTROL METHOD AND DEVICE 

An arterio-venous graft 16 is provided with a constriction device 20 near its arterial 
end. The constriction device' 20 is used to reduce the flow through the AV graft 
under normal conditions and to relieve the constriction when high flow through the 
AV graft is required, such as for vascular access for hemodialysis. 
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